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NATIONAL FOREWORD 

This Indian Standard which is Identical with ISO 5982 : 2001 'Mechanical vibration and shock — 
Range of idealized values to characterize seated-body biodynamic response under vertical vibration' 
issued by the International Organization for Standardization (ISO) was adopted by the Bureau of 
Indian Standards on the recommendation of the Mechanical Vibration and Shock Sectional 
Committee and approval of the Mechanical Engineering Division Council. 

This standard supersedes IS 14730 : 1999 Vibration and shock — Mechanical driving point 
impedance of the human body'. 

The text of ISO Standard has been approved as suitable for publication as an Indian Standard without 
deviations. Certain conventions are, however, not identical to those used in Indian Standards. 
Attention is particularly drawn to the following; 

a) Wherever the words 'International Standard' appear referring to this standard, they should 
be read as Indian Standard'. 

b) Comma (,) has been used as a decimal marker in the International Standards, while In 
Indian Standards, the current practice is to use a point {.) as the decimal marker. 

In this adopted standard, reference appears to the following International Standard for which Indian 
Standard also exists. The corresponding Indian Standard, which is to be substituted in its place, is 
listed below along with its degree of equivalence for the edition indicated: 

International Standard Corresponding Indian Standard Degree of 

Equivalence 

ISO 5805 : 1997 Mechanical vibration IS 13281 : 1999 Mechanical vibration Identical 
and shock — Human exposure — and shock affecting man — Vocabulary 
Vocabulary (first revision) 

For the purpose of deciding whether a particular requirement of this standard is complied with, the 
final value, observed or calculated, expressing the result of a test or analysis, shall be rounded off in 
accordance with IS 2 : 1960 'Rules for rounding off numerical values (revised)'. The number of 
significant places retained in the rounded off value should be the same as that of the specified value 
in this standard. 
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Indian Standard 

MECHANICAL VIBRATION AND SHOCK — RANGE 

OF IDEALIZED VALUES TO CHARACTERIZE 
SEATED-BODY BIODYNAMIC RESPONSE UNDER 

VERTICAL VIBRATION 



1 Scope 

This International Standard describes the range of idealized values of the driving-point mechanical impedance, 
apparent mass and seat-to-head transmissibitity modulus and phase applicable to seated individuals subjected to 
2-axis sinusoidal or broad-band random vibration under specific experimental conditions. Additionally, a human 
body model is provided to satisfy the range of idealized values defined for driving-point mechanical 
impedance/apparent mass and seat-to-head transmissibiiity. This model is further used to compute values of 
driving-point mechanical impedance and apparent mass for fixed body masses which are recommended to be used 
as test loads in current standards defining laboratory seat testing methodologies. Alternatively, mathematical 
expressions in the form of transfer functions are provided to approximate the weighted mean (target) values 
defined for all three biodynamic response functions. 

The ranges of idealized values defined in this International Standard are considered to be valid for seated subjects 
supported on a rigid platform, with feet supported and vibrated, and maintaining an erect seated posture without 
backrest support. Provisionally, the range of idealized seat-to-head transmissiblity values is considered to be 
applicable also to the condition with the feet hanging freely. The values are defined over the frequency range 
0,5 Hz to 20 Hz for subjects within the 49 kg to 93 kg mass range, subjected to sinusoidal or broad-band random 
vibration of unweighted r.m.s. amplitude lower than or equal to 5 m/s2. The frequency and amplitude characteristics 
of the vibration fall within the range for which most vibration exposure is likely to predominate while driving vehicles 
such as agricultural tractors, earth-moving machinery and fork-lift trucks. Application to automobiles is at present 
not covered by this International Standard in view of the lack of a meaningful data base for conditions involving 
posture and vibration excitation levels most likely associated with car driving. 

The upper and lower values of modulus and phase defined at each frequency for each of the three biodynamic 
response functions considered represent the range of most probable or idealized values. The middle values 
represent overall weighted means of the human data, and define the target values for general applications. Such 
applications may involve the development of mechanical analogues for laboratory seat testing, or of functions to 
correct for the human interface when representing the body as a rigid mass, or the development of analytical 
human body models to be used for whole-body vibration exposure estimations or for seat and cushion design 
optimization. 

A mathematical representation of the seated human body that falls within the upper and lower limit envelope curves 
defined for driving-point mechanical impedance/apparent mass and seat-to-head transmissibiiity is also provided in 
annex B, while mathematical expressions approximating the weighted mean (target) values for these functions are 
given in annex C. Model values of driving-point mechanical impedance and apparent mass computed for fixed body 
masses equal or close to those recommended in specific laboratory seat testing standards are also provided in 
annex D. 



2 Normative reference 

The following normative document contains provisions which, through reference in this text, constitute provisions of 
this International Standard. For dated references, subsequent amendments to, or revisions of, any of these 
publications do not apply. However, parties to agreements based on this International Standard are encouraged to 
investigate the possibility of applying the most recent edition of the normative document indicated below. For 
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undated references, the latest edition of the normative document referred to applies. Members of ISO and lEC 
maintain registers of currently valid International Standards. 

ISO 5805, Mechanical vibration and shock — Human exposure — Vocabulary 

3 Terms and definitions 

For the purposes of this International Standard, the terms and definitions given in ISO 5805 and the following 
apply. 

3.1 

driving-point mechanical impedance 

complex ratio of applied periodic excitation force at frequency/, /-(/), to the resulting vibration velocity at that 
frequency, \{/), measured at the same point and in the same direction as the applied force 

AS) -~ ^ ('. 

NOTE 1 The driving-point mechanical impedance is a complex quantity (i.e. it possesses real and imaginary parts) from 
which the modulus and phase can be computed. 

NOTE 2 This Intemational Standard is based on measurements in which both force and velocity were measured at the same 
point, this being the point of introduction of vibration to the body, namely the buttocks or seat-body interface. 

NOTE 3 In the case of non-harmonic vibration, driving-point mechanical impedance is determined from the force and velocity 
spectra. 

3.2 

apparent mass 

complex ratio of applied periodic excitation force at frequency/, F(/), to the resulting vibration acceleration at that 
frequency, a{f), measured at the same point and in the same direction as the applied force 

*■' ' »(/) 2IT/ 

NOTE 1 The relationship between apparent mass and mechanical impedance is entirely determined by the fixed relationship 
between velocity and acceleration for which a 90" phase difference exists under periodic excitation, tn the above expression, 
j = v~1 represents the complex phasor between the mechanical impedance and apparent mass. 

NOTE 2 In the case of non-harmonic vibration, apparent mass is detemined from the force and acceleration spectra. 

3.3 

seat-to-head transmissibility 

complex non-dimensional ratio of the response motion of the head to the forced vibration motion at the buttocks or 
seat-body interface 

NOTE 1 The ratio may be one of displacements, velocities or accelerations. 

NOTE 2 The seat-to-head transmissibility is a complex quantity (i.e. it possesses real and imaginary parts) from which the 
non-dimensional modulus and the phase can be computed. 

NOTE 3 In the case of non-harmonic vibration, seat-to- head transmissifciity is determined from the motion spectra. 
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4 Driving-point mechanical Impedance and apparent mass of the seated body under 
vertical vibration 

4.1 Definition of values of driving-point mechanical impedance and apparent mass 

The modulus and phase of the driving-point mechanical impedance and apparent mass of the seated body are 
given in Tables 1 and 2 respectively and (for illustration) in Figures 1 and 2 as a function of frequency, for the 
vertical direction of excitation. In accordance to the definitions, the modulus is given in terms of newton seconds 
per metre for impedance and kilograms for apparent mass. Each table and diagram contains three values of 
modulus and phase at each frequency. Numerical values are quoted up to four significant figures for the purpose of 
calculation, and do not reflect the precision of knowledge of the driving-point mechanical impedance and apparent 
mass. Linear interpolation is permitted to obtain values at frequencies other than those listed in Tables 1 and 2 at 
one-third-octave band centre frequencies. 

The upper and lower limiting values at each one-third-octave band centre frequency encompass the mean values 
of all data sets selected, and are shown by bold continuous curves in Figures 1 and 2. The central value at each 
frequency, shown by fine solid curves in Figures 1 and 2. provides an estimate of the weighted mean of all data 
sets selected, and forms the target value tor all applications. The standard deviations computed with respect to the 
weighted mean (target) values are also listed in Tables 1 and 2. 

Applications that generate/employ values of driving-point mechanical impedance and apparent mass between the 
upper and lower limits given in Tables 1 and 2 at any frequency satisfy the requirements of this International 
Standard, and represent "to the body" transfer functions applicable to the seated human body under the conditions 
specified and over the frequency range of 0,5 Hz to 20 Hz. 

If an application only satisfies the requirements of this International Standard at certain frequencies, then those 
frequencies should be stated in any description of the application. 

NOTE 1 The curves in Figures 1 and 2 are derived from the data identified in annex A for driving-point mechanical 
impedance and apparent mass. The synthesis is performed by transforming all data to the driving-point mechanical impedance 
function and averaging by weighting the data according to the population of subjects involved in deriving the data. Upper and 
lower limiting values represent maximum and minimum values of the data sets determined at each frequency. The resulting 
range of idealized driving-point mechanical impedance values is further transformed to derive the corresponding range of 
idealized apparent mass values. 

NOTE 2 The curves in Figures 1 and 2 relate to 101 test subjects within the mass range 49 kg to 93 kg. Both sinusoidal and 
broad-band random vibration with unweighted root-mean-square acceleration between 0,5 m/s2 and 3 m/s^ and frequency- 
weighted root-mean-square acceleration less than or equal to 2 m/s^ have been used in deriving the data. Some evidence 
suggests that non-linearities in driving-point mechanical impedance and apparent mass responses may arise with variations in 
vibration amplitudes, particularly when lower vibration magnitudes are involved. 

4.2 Applicability of values of driving-point mechanical impedance and apparent mass 

The values of driving-point mechanical impedance and apparent mass are applicable to the seated human body, 
subjected to sinusoidal or broad-band random vertical vibration, while seated on a rigid surface with the feet resting 
flat on the base platform and the back being unsupported. The limits of applicability approximately correspond to 
the range of measurement conditions over which data were obtained, as follows: 

a) the posture is described as erect seated without backrest support, while the feet are supported and vibrated; 

b) the mass of the subjects ranges from 49 kg to 93 kg; 

c) the r.m.s. amplitude of unweighted sine and random excitation is between 0,5 m/s^ and 3,0 m/s2 with 
predominance of frequencies within the range from 0,5 Hz to 20 Hz. Frequency-weighted r.ms. amplitudes 
less than or equal to 2 m/s2 were also part of the vibration excitations considered. 
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Table 1 — Modulus and phase of the mean (target) and range of idealized driving-point mechanical 
impedance of the seated body under vertical vibration 



Frequency 

Hz 


Mean 


Mod 

Ns 

Upper limit 


ulus 

/m 

Lower limit 


Standard 
deviation 


Mean 


Phi 

degi 

Upper limit 


ise 

ees 

Lower limit 


Standard 
deviation 


0,5 


157 


222 


128 


44 


85,4 


90.8 


81,0 


3,2 


0,63 


199 


282 


163 


57 


85,6 


90,8 


81,0 


3,4 


0,8 


256 


362 


211 


71 


85,5 


90.6 


81.0 


3,0 


1 


327 


459 


270 


56 


84,9 


89,9 


80,3 


3,7 


1,25 


418 


587 


343 


66 


84,6 


89.6 


80,2 


3.3 


1,6 


553 


789 


452 


74 


83,7 


88.2 


79,9 


2,9 


2 


728 


1 019 


596 


131 


82,4 


86,3 


79,0 


2,4 


2,5 


953 


1 408 


811 


171 


79,8 


84,4 


76.2 


1,8 


3,15 


1 349 


2 005 


1 117 


246 


74,2 


80,2 


68,2 


3,2 


4 


1 894 


2 705 


1 506 


373 


60,7 


70,6 


51,1 


6,5 


5 


2 201 


2919 


1 657 


428 


38.6 


54,8 


29,0 


12,1 


6,3 


2 120 


2 883 


1 641 


362 


28,0 


39.0 


20,9 


5,4 


8 


2 088 


2 797 


1 611 


373 


25,2 


36,9 


20,3 


6,6 


10 


2 095 


2 609 


1 748 


282 


18,8 


35,9 


13.7 


9,9 


12,5 


2 139 


2 492 


1 836 


258 


10,8 


27.3 


5,8 


8,6 


16 


1 898 


2 204 


1 714 


172 


8,6 


20,2 


4,4 


7.6 


20 


1 922 


2 075 


1 679 


335 


12,1 


25,5 


4,8 


10.2 
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NOTE For an explanation of the lines, see 4.1. 



Figure 1 — Mean (target) and range of idealized values for the driving-point mechanical impedance of the 

seated body under vertical vibration 
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Table 2 — Modulus and phase of the mean (target) and range of idealized apparent mass of the seated 

body under vertical vibration 



Frequency 

Hz 


Mean 


Mod 

k 

Upper limit 


jtus 
3 
Lower limit 


Standard 
deviation 


Mean 


Phj 

degr 

Upper limit 


ise 

ees 

Lower limit 


Standard 
deviation 


0,5 


50,0 


70,7 


40,7 


14,0 


-4,6 


0,8 


-9,0 


3,2 


0,63 


50,3 


71,2 


41,2 


14,4 


-4,4 


0,8 


-9,0 


3,4 


0,8 


51,0 


72,0 


42,0 


14,1 


-4,5 


0,6 


-9,0 


3,0 


1 


52,0 


73,0 


43,0 


8,9 


-5,1 


-0,1 


-9,7 


3,7 


1,25 


53,2 


74,7 


43,7 


8,4 


-5,4 


-0,4 


-9,8 


3,3 


1,6 


55,0 


78,5 


45,0 


7,4 


-6,3 


-1.8 


-10.1 


2,9 


2 


57,9 


81,1 


47,4 


10,4 


-7,6 


-3,7 


-11,0 


2,4 


2,5 


60,7 


89,6 


51,6 


10,9 


-10,2 


-5,6 


-13,8 


1,8 


3,15 


68,2 


101,3 


56,4 


12,4 


-15,8 


-9,8 


-21,8 


3,2 


4 


75,4 


107.6 


59.9 


14,8 


-29,3 


-19,4 


-38,9 


6,5 


5 


70,1 


92,9 


52,7 


13,6 


-51,4 


-35,2 


-61,0 


12,1 


6,3 


53,6 


72,8 


41,4 


9,1 


-62,0 


-51,0 


-69,1 


5,4 


8 


41,5 


55,7 


32,0 


7,4 


-64,8 


-53,1 


-69,7 


6,6 


10 


33,3 


41,5 


27,8 


4,5 


-71,2 


-54.1 


-76,3 


9,9 


12,5 


27,2 


31,7 


23,4 


3,3 


-79.2 


-62,7 


-84,2 


8,6 


16 


18,9 


21,9 


17,1 


1,7 


-81,4 


-69,8 


-85,6 


7,6 


20 


15,3 


16,5 


13,4 


2,7 


-77,9 


-64,5 


-85.2 


10,2 
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For an explanation of the lines, see 4. 1 . 



Figure 2 — Mean (target) and range of idealized values for the apparent mass of the seated body under 

vertical vibration 
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5 SeaMo-head transmissibility of the seated human body under vertical vibration 

5.1 Definition of values of seat-to-head transmissibility 

The modulus and phase of the seat-to-head transmissibility of the seated body are given in Table 3 and (for 
illustration) in Figure 3 as a function of frequency, for the vertical direction of excitation. In accordance with the 
definition, the modulus is non-dimensional and represents the ratio of acceleration transmitted to the head to the 
acceleration measured at the buttocks. The table and diagram contain three values of modulus and phase at each 
frequency. Numerical values are quoted up to three significant figures for the purpose of calculation, and do not 
reflect the precision of knowledge of the seat-to-head transmissibility. Linear interpolation is permitted to obtain 
values at frequencies other than those listed in Table 3 at one-third-octave band centre frequencies. 

The upper and lower limiting values at each one-third-octave band centre frequency encompass the mean values 
of all data sets selected, and are shown by bold continuous curves in Figure 3. The central value at each 
frequency, shown by fine solid curves in Figure 3, provides an estimate of the weighted mean of all data sets 
selected, and forms the target value for all applications. The standard deviations computed with respect to the 
weighted mean (target) values are also listed in Table 3. 

Applications that generatG/employ values of seat-to-head transmissibility between the upper and lower limits given 
in Table 3 at any frequency satisfy the requirements of this International Standard, and represent "through the 
body" transfer functions applicable to the seated human body under the conditions specified and over the 
frequency range of 0,5 Hz to 20 Hz. 

If an application only satisfies the requirements of this International Standard at certain frequencies, then those 
frequencies should be stated in any description of the application. 

NOTE 1 The curves in Figure 3 are derived from the data identified in annex A for seat-to-head transmissibility. The 
synthesis is performed by averaging once the individual data sets have been weighted according to the population of subjects 
involved in deriving the data. Upper and lower limiting values represent maximum and minimum values of the data sets 
determined at each frequency. 

NOTE 2 The curves in Figure 3 relate to 32 test subjects within the mass range 56 kg to 90 kg. The majority of data sets 
have been produced under sinusoidal vibration at frequencies lower than 20 Hz and for r.m.s. unweighted accelerations lower 
than 5 m/s2. Head acceleration was measured using a bite bar technique for most data sets involved in the data synthesis. 
Furthermore, some data sets originate from studies in which the feet were unsupported. Current evidence suggests that seat-to- 
head transmissibility is not likely to be influenced in any significant manner by the inclusion or not of foot support provided that 
the leg position is the same. 

NOTE 3 Seat-to-head transmissibility data have often been produced using vibration excitations at levels which tended to be 
considerably higher than those used for driving-point mechanical impedance and apparent mass. Increased sensitivity to 
posture and backrest support might have been responsible for the wide variability observed amongst various data sets reported 
by different investigators. 

NOTE 4 There is at present limited evidence to suggest that the seat-to-head transmissibility modulus shown in Figure 3 
could perhaps provide overestimations of the values to be applied in cases involving vibration excitations of similar amplitudes 
but characterized mostly by narrow-band low-frequency vibration containing shocks. 

5.2 Applicability of values of seat-to-head transmissibility 

The values of seat-to-head transnnissibitity are applicable to the seated human body subjected to sinusoidal or 
broad-band random vertical vibration, while seated on a rigid surface with the back being unsupported. Both 
conditions of feet being supported on a vibrating platform and hanging freely are integrated for the purpose of 
defining seat-to-head transmissibility. The limits of applicability approximately correspond to the range of 
measurement conditions over which data were obtained, as follows: 

a) the posture is described as erect seated without backrest support, while the feet may be supported or not; 

b) the mass of the subjects ranges from 56 kg to 90 kg; 

c) the unweighted r.m.s. amplitude of sine and broad-band random excitation is between 1 m/s^ and 5 m/s2, with 
a higher proportion of subjects submitted to sinusoidal rather than to random vibration over the frequency 
range from 0,5 Hz to 20 Hz. 
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Table 3 — Modulus and phase of the mean (target) and range of idealized seat-to-head transmissibility of 

the seated body under vertical vibration 



Frequency 

Hz 


Mean 


Modi 
Upper limit 


jIus 
Lower limit 


Standard 
deviation 


Mean 


Phase 

degrees 

Upper limit Lower limit 


Standard 
deviation 


0,5 


1,01 


1,02 


1,00 


0,01 


2,0 


10,0 


-0.5 


0.1 


0,63 


1,01 


1,02 


1,00 


0,01 


2,0 


11,0 


-0,5 


0.1 


0,8 


1,02 


1,02 


1,00 


0,01 


2,0 


12,0 


-0.8 


0,1 


1 


1,03 


1,03 


1,01 


0,01 


2,0 


13,0 


-1,2 


0,1 


1,25 


1,05 


1,07 


1,01 


0,02 


2,0 


14,0 


-1,8 


1,2 


1,6 


1,08 


1,14 


1,02 


0,05 


2,0 


16,0 


-3.1 


2,0 


2 


1,12 


1,23 


1,03 


0,08 


0,0 


18,0 


-4,4 


19,8 


2,5 


1,16 


1,36 


1.06 


0,10 


-0,9 


19,5 


-5,2 


12.6 


3,15 


1,26 


1,61 


1,10 


0,19 


-1,9 


15,4 


-8,0 


10.5 


4 


1,45 


1,87 


1,18 


0,30 


-5,9 


8.8 


-17,5 


10,3 


5 


1,47 


1,82 


1,28 


0,22 


-20,4 


2,9 


-36,3 


16,8 


6,3 


1,23 


1,49 


0,98 


0,21 


-44,2 


-13,3 


-56,8 


^,4 


8 


1,04 


1,31 


0,87 


0.18 


-54,3 


-33,6 


-72.4 


17.1 


10 


0,97 


1,23 


0,80 


0,13 


-62,7 


-45.1 


-88,6 


19,2 


12,5 


0,81 


1,04 


0,69 


0.10 


-79,4 


-62,2 


-98,8 


18,1 


16 


0,64 


0,86 


0,53 


0,10 


-97,0 


-85,5 


-112,7 


7,9 


20 


0,52 


0,70 


0,38 


0,19 


-113,0 


-104,6 


-122.8 


6,9 
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Figure 3 — Mean (target) and range of idealized values for the seat-to-head transmissibility of the seated 

body under vertical vibration 
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6 Applications 

6.1 Model of the seated human body 

A model of the seated human body that complies with the provisions of this Intemational Standard is provided in 
annex B. The model possesses three degrees of freedom. Annex B is provided to facilitate mathematical modelling, 
and to provide the basis for constructing a mechanical analogue of the human body for possible applications in 
seat testing rigs. Such a mechanical system could possibly avoid the use of human subjects to perform laboratory 
seat testing. Furthermore, the human body model, in combination with a suitable suspension seat model, could 
provide means of estimating the seat performance and of achieving optimal seat suspension and cushion design. 
Alternatively, mathematical expressions in the form of transfer functions are provided in annex C to approximate 
the weighted mean (target) values defined for the modulus and phase of the driving-point mechanical 
impedance/apparent mass and seat-to-head transmissibility. Such expressions could find applications in 
characterizing the human-interface on seat cushions in the eventuality that seat tests were to be conducted while 
using a rigid load instead of a human subject. 

6.2 Computation of biodynamic response functions for fixed body masses 

Values for the driving-point mechanical impedance and the apparent mass are given in annex D for total body 
masses of 55 kg, 75 kg and 90 kg. These values are computed directly from application of the model derived in 
annex B for subjects within the 56 kg to 90 kg mass range. The body masses chosen are as close as possible to 
the individual subject masses which are required to act as seat loads in standards defining laboratory procedures 
for evaluating the performance of suspension seats (see ISO 5007, ISO 7096 and ISO 10326-1). Although the 
values are strictly computed from the model defined in annex B, they are generally found to fall within the range of 
idealized measured data applicable to subjects within the 56 kg to 90 kg mass range as shown in Figures D.1 and 
D-2. Such values, computed for specific body masses, are not intended to be compared directly with any measured 
data that may have been found to apply to subjects of similar masses under the conditions defined in this 
International Standard. 

NOTE While the model computed driving-point mechanical impedance modulus shown in Figure D.I indicates negligible 

mass effect at frequencies above 10 Hz, there are somewhat limited measured data to suggest that beyond a mass of 80 kg, 
the modulus of impedance may perhaps increase with body mass at frequencies higher than 10 Hz. 
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Annex A 
unlormattve) 

Identification of the data used to define the range of idealized driving-point 
mechanical impedance/apparent mass and seat-to-head transmissibillty 

data 



A set of selection rules are defined tor selecting the published data to be used for the synthesis. Only those data 
sets satisfying all of the following conditions were considered. 

a) Data sets specifying either individual or group mean body mass of the test subject population, with limitations 
to the 49 kg to 93 kg range, corresponding to the range for which the most numerous number of data sets are 
available. 

b) Data sets on driving-point mechanical impedance and apparent mass acquired with feet of the subjects 
supported and vibrated. Data sets for seat-to-head transmissibillty Include studies in which the feet were either 
resting on the vibrating platform or unsupported. It has been shown that there is no difference in seat-to-head 
transmissibillty to be expected under these conditions. 

c) Data sets acquired under vibration excitation r.rn.s. unweighted amplitudes below 5 m/s2, with the nature of the 
excitation specified as being either sinusoidal or broad-band random. 

d) Data sets acquired under vibration excitations including spectral components within the 0,5 Hz to 20 Hz 
frequency range. 

e) Data sets acquired under vibration excitations constrained to the vertical direction. 

f) Data sets acquired with subject population clearly identified, with particular analysis of those sets based on 
single subject populations. 

g) Data sets reporting the subject posture as being erect seated without backrest support, Irrespective of the 
hands position. 

The data sets reporting either the modulus, or both the modulus and phase of the biodynamic response functions 
were included for the synthesis. 

Table A. 1 identifies the data sets considered for driving-point mechanical impedance and apparent mass, while 
Table A. 2 identifies those considered tor seat-to-head transmissibillty. Bibliographical references to these data sets 
are given in the bibliography. 
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Table A.1 — Characterization of the data sets considered for mechanical impedance and apparent mass 


Bibliographic 
reference 


Sul 
Number 


ejects 
Mass 

kg 


Type 


Excitation 
Amplitude 


Frequency 
range 

Hz 


Reported function 


[10] 


1 


63 


Random 
Gaussian 


1 m/s2 r.m.s. 
unweighted 


0,25 to 20 


Apparent mass 
Modulus and phase 


[14] 


4 


56 to 83 


Sinusoidal 


3 m/s2 r.m.s. 
unweighted 


2 to 12 


Mean apparent mass 
Modulus and phase 


[15] 


30 


54 to 93 
mean 70 


Sinusoidal 


0,5 m/s2 
unweighted 


2 to 100 


Mean normalized 
mechanical impedance 

Modulus and phase 


[8] 


15 


49 to 74 


Sinusoidal 
sweep 


1,6 m/s2 r.m.s. 
unweighted 


1 to 10 


Mean mechanical 
impedance 

Modulus and phase 


[8] 


15 


49 to 74 


Broad band 
Random 


1,6 m/s^ r.m.s. 
unweighted 


1 to 10 


Mean mechanical 
impedance 

Modulus and phase 


[19] 


6 


52,7 to 87,2 


Random 


1,0 m/s2 r.m.s. 
unweighted 


1 to 25 


Individual 
apparent mass 

Modulus and phase 


[11] 


8 


57 to 85 


Random 


1,0 m/s2 r.m.s. 
unweighted 


0,5 to 20 


Individual 
apparent mass 

Modulus and phase 


[20] 


11 


60 to 70 


Random 

(off-road 

machinery) 


<i 1 ,4 m/s2 

weighted 
(ISO 2631-1:1985) 


0,5 to 20 


Mean mechanical 
impedance 

Modulus 


[20] 


14 


70 to 80 


Random 

(off-road 

machinery) 


-^ 1,4 m/s2 

weighted 
(150 2631-1:1985) 


0,5 to 20 


Mean mechanical 
impedance 

Modulus 


[22] 


6 


58 to 73 


Random 
White noise 


1 m/s2 to 2 m/s2 
unweighted 


0,5 to 20 


Mean apparent mass 
Modulus and phase 


[5] 


6 


69,6 to 80,9 
mean 75,4 


Sinusoidal 
sweep 


1 m/s2 to 2 m/s2 

weighted 

(180 2631-1:1985) 


0,5 to 10 


Mean mechanical 
impedance 

Modulus and phase 


[5] 


6 


69,6 to 80,9 
mean 75,4 


Random 
White noise 


1 m/s2 to 2 m/s2 

weighted 

(180 2631-1:1985) 


0,5 to 10 


Mean mechanical 
impedance 

Modulus and phase 
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Table A.2 — Characterization of the data sets considered for seat-to-head transmissibiiity 



Bibliographic 
reference 


Su 
Number 


bjects 
Mass 

kg 


Type 


Excitation 
Amplitude 


Frequency 
range 

Hz 


Reported 
component 


[17] 


9 


57 to 90 


Sinusoidal 


4 m/s2 r.m.s. 
unweighted 


2 to 20 


Mean modulus and 
phase 


[14] 


4 


56 to 83 


Sinusoidal 


1,5 m/s2 r.m.s. 
unweighted 


2 to 12 


Mean modulus and 
phase 


[14] 


4 


56 to 83 


Sinusoidal 


3 m/s2 r.m.s. 
unweighted 


2 to 12 


Mean modulus and 
phase 


[18] 


12 


58 to 81 
mean 70,8 


Random 
Gaussian 


1,75 m/s2 r.m.s. 
unweighted 


<25 


Individual modulus and 
phase 


[7] 


1 


84 


Sinusoidal 


< 5 m/s2 r.m.s. 
unweighted 


<20 


Modulus 


[22] 


6 


58 to 73 


Random 
White noise 


1 m/s2 to 2 m/s2 r.m.s. 
unweighted 


0,5 to 20 


Mean modulus and 
phase 
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Annex B 

(informative) 

Model 



The model (see Figure B.1) constitutes a three-degrees-of-freedom system for which the masses, springs and 
dampers do not correspond to physiological structures within the body. The input force is considered to be applied 
to mass mo for which the resulting displacement is represented by xq. The model parameters listed in Table B.1 
were derived to obtain closest agreement with the weighted mean (target) values defined for driving-point 
mechanical impedance/apparent mass and seat-to-head transmissibility as given in Tables 1, 2 and 3. The model 
predictions are illustrated by dashed lines in Figures 8.2, B.3 and B.4 where they are compared with the range of 
idealized values defined respectively for driving-point mechanical impedance, apparent mass and seat-to-head 
transmissibility. The model parameters listed in Table 8.1 would most likely apply to a subject with total body mass 
of 75 kg, while assuming that 73 % of the mass is resting on the seat. Values are supplemented in annex D for total 
body masses of 55 kg and 90 kg simply by modifying the parameter value for m^. For the purpose of computing 
seat-to-head transmissibility, mass m2 may tentatively be taken to represent the head. 





Table B.1 — 


Values for the parameters of the model (body mass of 75 kg) 




Parameter 


mo 


Ma 

k 

mi 


ss 

g 

^2 


mz 


^1 


Stiffness 

N/m 

k2 


^3 


Damping coefficient 

Ns/m 

c^ C2 C3 


Value 


2 


6 


2 


45 


9,99x103 


3,44x104 


3,62x104 


387 


234 


1,39x103 



/7?3 


< 
< 

/r3< 


> 
> 
> 




> 


^3 




Figure B.1 — Biodynamic model of the seated human body 
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Figure B.2 — Comparison between model (dashed line) predictions and the range of idealized values 

for driving-point mechanical impedance 
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Figure B.3 — Comparison between model (dashed line) predictions and the range of idealized values 

for apparent mass 
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Figure B.4 — Comparison between model (dashed line) predictions and the range of idealized values 

for seat-to-head transmissibility 
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Annex C 

(informative) 



Mathematical expressions for the mean (target) 
biodynamic response functions 



Mathematical expressions in the form of transfer functions denoted by Z(s) and H{s) are defined to approximate the 
weighted mean (target) values defined at each frequency in Figures 1 and 3 for driving-point mechanical 
impedance and seat-to-head transmissibility, respectively. The coefficients of the transfer functions are given in 
Table C.I for both Z(s) and H(s). The computed responses resulting from these equations are illustrated by dashed 
lines in Figures C.1, C.2 and C.3 where they are compared with the mean and range of idealized values defined 
respectively for driving-point mechanical impedance, apparent mass and seat-to-head transmissibility. In 
performing the calculations, the apparent mass transfer function is determined directly from the driving-point 
mechanical impedance function. 



Z{s) and H(s) are given by 



Z(.v) - 2n K 



Q{s) 



H(s) - K 



Q{s) 



where 



P{s) --- {.s^ + Ay s + B^)(s^ + A2- s + B2)(s^ + A^- s + B3) 

Q{s) -- (.v^ + Ci • i + Di) • (.v^ -h C2 • 5 + Dg)- (5^ -H C3 • 5 + Da)- (^2 -h C4 • 5 -h D4) 

■V = j / 



(C.I) 



(C.2) 





Table C.1 — Coefficients of the transfer functions 




Coefficient 


Z(5) 


H{s) 


Coefficient 


Z{s) 


His) 


K 


17179 


275 


c, 


9,50 


28.21 


^1 


14,66 


13,16 


Q 


23,91 


10,69 


A2 


2,35 


4,24 


C3 


1,74 


3,67 


A3 


1,93 


3,62 


C4 


6,37 


3.78 


«i 


583,88 


149,65 


D^ 


1015,2 


324 


fi2 


23,52 


38,0 


D2 


47,02 


121 


«3 


1,22 


9,83 


O3 


22,40 


30,25 








O4 


4,23 


12,96 
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Figure C.1 — Comparison between transfer function (fine dashed line) predictions 
and the range of idealized values for driving-point mechanical impedance 
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Figure C.2 — Comparison between transfer function (fine dashed line) predictions 
and the range of idealized values for apparent mass 
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Figure C.3 — Comparison between transfer function (fine dashed line) predictions 
and the range of Idealized values for seat-to-head transmissibility 
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Annex D 

(informative) 

Model computed values of response functions for fixed body masses 



The values computed in this annex are intended to demonstrate the response of the model given in annex B, for 
different body masses. Values for subject masses of 55 kg, 75 kg and 90 kg are listed in Tables D.1 and D.2 
respectively for driving-point mechanical impedance and apparent mass. These values are computed from the 
model given in annex B, by modifying the mass ^3 while keeping all the other parameters equal to those listed in 
Table B.1 . For total body masses of 55 kg, 75 kg and 90 kg, the values for mass m^ are taken to be 30 kg, 45 kg 
and 56 kg, respectively. With these values, the proportion of body mass resting on the seat is assumed to 
represent 73 % of total body mass. The resulting values applicable to all three body masses for driving-point 
mechanical impedance and apparent mass are represented graphically in Figures D.1 and D.2, respectively, where 
they are compared with the range of idealized values defined in Figures 1 and 2. The values computed in this 
annex are not intended to necessarily replicate the values measured on a human subject with a specific body 
mass. 

Table D.1 — Driving-point mechanical impedance model computed values 
for body masses of 55 kg, 75 kg and 90 kg 



Frequency 

Hz 


55 kg 


Modulus 

Ns/m 
75 kg 


90 kg 


55 kg 


Phase 

degrees 
75 kg 


90 kg 


0,5 


101 


139 


167 


90 


90 


90 


0,63 


152 


211 


254 


89,9 


89,9 


89,8 


0,8 


205 


284 


344 


89,8 


89,7 


89,6 


1 


259 


361 


438 


89,6 


89,4 


89,2 


1,25 


315 


441 


537 


89,3 


88,9 


88,7 


1,6 


432 


614 


757 


88,4 


87,5 


86,8 


2 


558 


807 


1 010 


86,9 


85,2 


83,8 


2,5 


765 


1 130 


1 440 


83,6 


79,8 


76,4 ' 


3,15 


986 


1 480 


1 890 


78,9 


72,1 


65,7 


4 


1 280 


1 890 


2 300 


71,1 


59,3 


49 


5 


1 590 


2 160 


2 410 


60,2 


43,9 


32,3 


6,3 


1 840 


2 200 


2 300 


46,5 


29,4 


21,2 


8 


1 940 


2 130 


2 140 


35,5 


20,7 


13,7 


10 


1 950 


2 030 


2 030 


27,4 


15,5 


10,3 


12,5 


1 920 


1 950 


1950 


21,8 


12,5 


8,8 


16 


1 880 


1 890 ' 


1880 


18,6 


11,4 


8,5 


20 


1 850 


1 850 


1 840 


17,4 


11,7 


9,5 
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Figure D.1 — Model computed values of driving-point mechanical impedance for fixed body masses 
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Table D.2 — Apparent mass model 
body masses of 55 kg, 75 



computed values for 
kg and 90 kg 



Frequency 

Hz 


55 kg 


Modulus 

kg 

75 kg 


90 kg 


55 kg 


Phase 

degrees 
75 kg 


90 kg 


0,5 


40,2 


55,4 


66,6 


-0,03 


-0,04 


-0.05 


0,63 


40.4 


55,9 


67,3 


-0.09 


-0,13 


-0,17 


0,8 


40,8 


56,6 


68,4 


-0.22 


-0.32 


-0,39 


1 


41.2 


57,4 


69,7 


-0,42 


-0,61 


-0,77 


1,25 


41,7 


58.5 


71,3 


-0,71 


-1.06 


-1.34 


1,6 


43,0 


61,1 


75,3 


-1.65 


-2.48 


-3.18 


2 


44.4 


64,2 


80,2 


-3.11 


-4.78 


-6.23 


2,5 


46,8 


69.3 


88,2 


-6,42 


-10.2 


-13,6 


3.15 


49,1 


73,6 


93.9 


-11.0 


-17,9 


-24,3 


4 


51,0 


75,0 


91,6 


-18,9 


-30,7 


-40.9 


5 


50,6 


68,6 


76,6 


'29.8 


-46.1 


-57.7 


6.3 


45,8 


54,8 


56.7 

jl 


-43,5 


-60,6 


-70,0 


8 


38.6 


42,3 


! 42,6 


-54.5 


-69,3 


-76.3 


10 


31,0 


32.4 


32,3 


-62.6 


-74,5 


-79.7 


12,5 


24,2 


24,7 


24,5 


-68,2 


-77.4 


-81,3 


16 


18.7 


18.8 


18,7 


-71,4 


-78.6 


-81.5 


20 


14,7 


14,7 


14.6 


-72.6 


-78,3 


-80.5 
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Figure D.2 — Model computed values of apparent mass for fixed body masses 
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